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$H= \sum_{n=1}^{N-1}\frac{1}{2m_{n}}P_{n}^{2}+\sum_{n=1}^{N}V(Q_{n}-Q_{n-1})$ , (1)
$Q_{n}\in \mathbb{R},$ $P_{n}\in \mathbb{R}$ , , . $N$ . $m_{n}$ , $n$
, $m_{2j-1}=1,$ $m_{2j}=m,$ $j=1,2,$ $\ldots,$ $N/2$, , $m>1$ .
, $Q_{0}=Q_{N}=0$ . , $N-1$ .
$V$ , .
$V(X)= \sum_{r=2}^{k}\frac{\kappa_{r}}{r}X^{r}$ , (2)
, $k\geq 4$ , $\kappa_{r}\in \mathbb{R},$ $r=2,$ $\ldots,$ $k$ , $\kappa k$ $\kappa_{k}>0$ .
$\kappa_{k}=1$ , , $\kappa_{k}=1$ . , $\kappa=(\kappa_{2}, \ldots, \kappa_{k-1})$
.
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$\epsilon=\frac{1}{\sqrt{m}}$ . (3)
$\epsilon$ , $q_{n}$ .
$q_{n}=\{\begin{array}{ll}Q_{n} if n=2j-1,\epsilon^{-1}Q_{n} if n=2j,\end{array}$ $j=1,2,$ $\ldots,$ $N/2$ . (4)
, (1) , .
$H= \sum_{n=1}^{N-1}\frac{1}{2}p_{n}^{2}+\sum_{j=1}^{N/2}[V(\epsilon q_{2j}arrow q_{2j-1})+V(q_{2j-1}-\epsilon q_{2j-2})]$ , (5)
, $Pn$ $q_{n}$ , $p_{2j-1}=P_{2j-1\prime}p_{2j}=\epsilon P_{2j}$ . ,
$q_{0}=q_{N}=0$ . (5) , .
$\ddot{q}_{2j-1}$ $=$ $V’(\epsilon q_{2j}-q_{2jarrow 1})-V’(q_{2j-1}-\epsilon q_{2j-2})$ , (6)
$\ddot{q}_{2j}$ $=$ $\epsilon V’(q_{2j+1}-\epsilon q_{2j})-\epsilon V’(\epsilon q_{2j}-q_{2j-1})$ . (7)
, $\epsilon=0$ , . , $q_{n},$ $p_{n}$
, (5) .
3
anti-continuous limit, , $\epsilon=0$ $\kappa_{r}=0,$ $r=2,$ $\ldots,$ $k-1$
. , (6), (7) .
$q_{2j-1}=2^{arrow 1/(k-2)}\sigma_{2j-1}\varphi(t)$ , $q_{2j}=0$ , $j=1,$ $\ldots,N/2$ , (8)
, $\sigma_{2j-1}\in\{-1,0,1\}$ , $\varphi(t)$ .
$\ddot{\varphi}+\varphi^{k-1}=0$ . (9)
, 1 , ,
. (9) ,
$\frac{1}{2}\dot{\varphi}^{2}+\frac{1}{k}\varphi^{k}=h$ (10)
. $h>0$ . $\varphi(t)$ $T$ , , .
$T=2 \sqrt{2}h^{arrow(1/2-1/k)}\int_{0}^{k^{1/k}}\frac{1}{\sqrt{1-x^{k}/k}}dx$ . (11)
$h$ , $h$ $0$ $+\infty$ , $T$ $+\infty$ $0$
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$\{-1,0,1\}^{N/2}$ $T>0$ , (8) $T$ .
, $\Gamma_{0}(t;\sigma,T)$ . , (8) $q_{n}$ $p_{n}=\dot{q}_{n}$ , $\Gamma_{0}(t;\sigma, T)=$
$(q_{1}(t), \ldots,q_{N-1}(t),p_{1}(t), \ldots,p_{N-1}(t))$ .
$n_{0}$ . (8) ,
, , D $B$ . , 6 $\sigma$ .
1 ,
$\sigma_{+}=(\ldots,0,1,0, \ldots)$ (12)
, $\sigma_{n}=0,$ $(n\neq n_{0})$ . , $3\leq n_{0}\leq N-3$ . ,
single-site DB . 2 , 3 ,
$\sigma_{++}=(\ldots, 0,1,1,0, \ldots)$ , (13)
$\sigma+-=(\ldots,0,1, -1,0, \ldots)$ (14)
, $\sigma_{n}=0,$ $(n\neq n_{0}\pm 1)$ . $n_{0}$ , $4\leq n_{0}\leq N-4$ . $\sigma++$
$\sigma+-$ , , in-phase $tw(\succ siteDB$ , , anti-phase two-site D $B$ .
, .
$\sigma_{+++}=(\ldots, 0,1,1,1,0, \ldots)$ , (15)
$\sigma_{++-=}(\ldots,0,1,1, -1,0, \ldots)$ , (16)
$\sigma_{-+-=}$ $(\ldots, 0, -1,1, -1,0, . . )$ . (17)
, $\sigma_{n}=0,$ $(n\neq n_{0}, n_{0}\pm 2)$ . , $5\leq n_{0}\leq N-5$ . ,
three-site D $B$ . D $B$ , .
1. $\sigma\in\{\sigma\sigma\sigma, \sigma+++’\sigma++-, \sigma_{-+arrow}\}$, , $T>0$ .
, $\epsilon_{c}>0$ $\epsilon$ $\delta_{r}>0,$ $r=2,$ $\ldots,$ $k-1$ , $0<\epsilon<\epsilon_{c}$ , ,
$|\kappa_{r}|<\delta_{r},$ $r=2,$ $\ldots,$ $k-1$ , $\epsilon$ $\kappa=(\kappa_{2}, \ldots, \kappa_{k-1})$ (5)
$\{\Gamma_{\epsilon,\kappa}(t;\sigma,T)\}$ $\lim_{earrow 0}hm_{\kappaarrow 0}\Vert\Gamma_{\epsilon_{2}\kappa}(0;\sigma,T)-\Gamma_{0}(0;\sigma, T)\Vert=0$ . ,
$\sigma\in\{\sigma_{+}, \sigma+-, \sigma_{-+-}\}$ $\Gamma_{\epsilon_{1}\kappa}(t;\sigma, T)$ , –f], $\sigma\in\{\sigma_{++},$ $\sigma+++,$ $\sigma_{++-}\}$
$\Gamma_{\epsilon_{1}\kappa}(t;\sigma, T)$ .
(5) $V$ , ,
. , 1 , $0$
$\kappa_{r},$ $r=2,$ $\ldots,$ $k-1$
, D $B$ . 1 ,
D $B$ .
1 , . (11) , $h=1$
$T$ $T_{1}$ . $T_{1}$ $\sigma\in\{\sigma_{+},$ $\sigma++,$ $\sigma_{+-},$ $\sigma+++’\sigma++-,$ $\sigma_{-+-\}}$
, 1 , $\epsilon$
$\epsilon$ , $\Gamma_{0}(t;\sigma, T_{1})$
. , $\epsilon_{c,1}(\sigma)$ . , 1 $\Gamma_{\epsilon,\kappa}(t;\sigma, T)$
. ? $\Gamma_{\epsilon,\kappa}(t;\sigma,T)=(\phi_{\epsilon,\kappa}(t;\sigma,T),\psi_{\epsilon,\kappa}(t;\sigma,T))$ . , $\cdot$ $\phi_{\epsilon,\kappa}\in \mathbb{R}^{N-1}$,
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$\psi_{e,\kappa}\in \mathbb{R}^{N-1}$ , , . .
1. $\sigma\in\{\sigma+’\sigma_{++},\sigma+-, \sigma+++, \sigma++-, \sigma_{-+-}\}$ , , $0<\epsilon<\epsilon_{c,1}(\sigma)$ .
$\kappa_{r}\in \mathbb{R},$ $r=2,$ $\ldots,$ $k-1$ , $a_{c}>0$ , $a>a_{c}$
(5) $\Phi_{a}(t;\sigma,\epsilon, \kappa)$ .
$\Phi_{a}(t;\sigma,\epsilon,\kappa)=(a^{1/k}\phi_{\epsilon,\hslash}(a^{1/2-1/k}t;\sigma,T_{1}),$ $a^{1/2}\psi_{e,\hat{\kappa}}(a^{1/2-1/k}t;\sigma,T_{1}))$ (18)
, $\hat{\kappa}=(\hat{\kappa}_{2}, \ldots,\hat{\kappa}_{k-1})$ , $\hat{\kappa}_{r}=a^{r/k-1}\kappa_{r}$ . , $\sigma\in\{\sigma+’\sigma+-, \sigma_{-+-}\}$
$\Phi_{a}(t;\sigma,\epsilon, \kappa)$ , $\sigma\in\{\sigma_{++},\sigma+++’\sigma++-\}$ $\Phi_{a}(t;\sigma, \epsilon, \kappa)$
.
. $\hat{q}_{n},\hat{p}_{n},$ $\tau$ .
$q_{n}=a^{1/k}\hat{q}_{n}$ , $p_{n}=a^{1/2}\hat{p}_{n}$ , $t=a^{1/k-1/2_{\mathcal{T}}}$ (19)
, a . , (5) ,
$\hat{H}=\sum_{n=1}^{N-1}\frac{1}{2}\hat{p}_{n}^{2}+\sum_{j=1}^{N/2}\sum_{r=2}^{k}\frac{\hat{\kappa}_{r}}{r}[(\epsilon\hat{q}_{2j}-\hat{q}_{2j-1})^{r}+(\hat{q}_{2j-1}-\epsilon\hat{q}_{2j-2})^{r}]$ (20)
. , $\hat{\kappa}_{k}=1,\hat{\kappa}_{r}=a^{r/k-1}\kappa_{r},$ $r=2,$ $\ldots,$ $k-1$ . (5)
(20) , $\hat{H}=H/a$ . , (20) $\Phi^{\backslash }]_{0}$
, n/d$\tau$ $=\partial\hat{H}/\partial\hat{p}_{n}$ , dp$\hat$n/d$\tau=$ -$\partial$H/$\partial$ .
(20) $\mathcal{E}=0$ , $=0$ $\hat{\Gamma}_{0}(\tau;\sigma, T_{1})=(\hat{q}_{1}, \ldots,\hat{q}_{N-1},\hat{p}_{1}, \ldots,\hat{p}_{N-1})$ . $\hat{q}_{n}$
,
$\hat{q}_{2j-1}=2^{arrow 1/(k-2)}\sigma_{2j-1}\varphi(\tau)$ , $\hat{q}_{2j}=0$ , $j=1,$ $\ldots,$ $N/2$ (21)
, $\hat{p}_{n}$ $\hat{p}_{n=d}\hat{q}_{n}/d_{T}$ . , $\varphi(\tau)$ , $\mathcal{T}$ .
$\frac{1}{2}(\frac{d\varphi}{d\tau})^{2}+\frac{1}{k}\varphi^{k}=1$ . (22)
$\hat{\kappa}_{r},$ $r=2,$ $\ldots,$ $k-1$ $\lim_{aarrow\infty}\hat{\kappa}_{r}=0$ , 1 , $a_{c}>0$ ,
$a>a_{c}$ $\hat{\Gamma}_{0}(\tau;\sigma, T_{1})$ (20) . ,
$\hat{\Gamma}_{e,\hat{\kappa}}(\tau;\sigma,T_{1})=(\phi_{\epsilon,\hat{\kappa}}(\tau;\sigma,T_{1}),\psi_{\epsilon,\hat{\kappa}}(\tau;\sigma,T_{1}))$ (23)
. , $\sigma\in\{\sigma_{+}, \sigma+-, \sigma_{-+-}\}$ $\hat{\Gamma}_{\epsilon,\hat{\kappa}}(\tau;\sigma, T_{1})$ , $\sigma\in$
$\{\sigma++’\sigma+++,$ $\sigma_{++-}\}$ $\hat{\Gamma}_{e,\hat{\kappa}}(\tau;\sigma,$ $T_{1})$ . (23) ,
, $(\hat{q}_{n} ,\hat{p}_{n}, \tau)\mapsto(q_{n},p_{n}, t)$ , (5) $\Phi$ $(t;\sigma,\epsilon, \kappa)$
. , $\sigma\in\{\sigma+,$ $\sigma+-,\sigma_{-+-}\}$ $\Phi_{a}(t;\sigma, \epsilon, \kappa)$ , $\sigma\in\{\sigma++’\sigma_{+++},$ $\sigma_{++-}\}$
$\Phi_{a}(t;\sigma, \epsilon, \kappa)$ . I
1. $(q_{1}(t), \ldots, q_{N-1}(t),p_{1}(t), \ldots,p_{N-l}(t))$ , AX$\iota\grave$ { , ,
$\max_{t,n}|q_{n}(t)|$ . $aarrow+\infty$ , $\phi_{e,\hslash}(\tau;\sigma, T_{1})$ $\phi_{\epsilon,0}(\tau;\sigma,$ $T_{1})$
. $\phi_{\epsilon,0}$ , $a$ , (18) , $a$ , $\Phi_{a}$




, (5) $(\kappa_{r}=0, r=2, \ldots, k-1)$
. $\kappa_{r}=0,$ $r=2,$ $\ldots,$ $k-1$ , (5)
$H_{0}= \sum_{n=1}^{N-1}\frac{1}{2}p_{n}^{2}+\sum_{j=1}^{N/2}\frac{1}{k}[(\epsilon q_{2j}-q_{2j-1})^{k}+(q_{2j-1}-\epsilon q_{2j-2})^{k}]$ (24)
. , .
$\ddot{q}_{2j-1}$ $=$ $(\epsilon q_{2j}-q_{2j-1})^{k-1}-(q_{2j-1}-\epsilon q_{2j-2})^{k-1}$ , (25)
$\ddot{q}_{2j}$ $=$ $\epsilon(q_{2j+1}-\epsilon q_{2j})^{k-1}-\epsilon(\epsilon q_{2j}-q_{2j-1})^{k-1}$ . (26)
(24) , .
$q_{n}(t)=u_{n}\varphi(t)$ , (27)
, $u_{n}\in \mathbb{R},$ $n=1,2,$ $\ldots,$ $N-1$ , $\varphi(t)$ $t$ . $q_{n}(t)$




$u_{2j-1}+(\epsilon u_{2j}-u_{2j-1})^{karrow 1}-(u_{2j-1}-\epsilon u_{2j-2})^{k-1}$ $=$ $0$ , (29)
$u_{2j}+\epsilon(u_{2j+1}-\epsilon u_{2j})^{k-1}-\epsilon(\epsilon u_{2j}-u_{2j-1})^{k-1}$ $=$ $0$ , (30)
, $j=1,2,$ $\ldots,$ $N/2$ . 3 , $T>0$ , (28)
$T$ . , (29)’ (30) $u=(u_{1}, \ldots,u_{N})$ ,
(25), (26) $T$- . 1 , stepl
step3 .
Step 1: $\epsilon=0$, $\kappa=0$ .




$u_{2j-1}=2^{-1/(k-2)}\sigma_{2j-1}$ , $u_{2j}=0$ , $j=1,$ $\ldots,N/2$ , (32)
, $\sigma_{2j-1}\in\{-1,0,1\}$ . $\sigma=(\sigma_{1},\sigma_{3}, \ldots, \sigma_{2j-1}, \ldots, \sigma_{N-1})\in\{-1,0,1\}^{N/2}$ ,
(32) (31) , . $\sigma\in\{-1,0,1\}^{N/2}$
(32) $u_{\sigma}\in \mathbb{R}^{N-1}$ . $u_{\sigma}$ $\varphi(t)$ (27) , (25), (26)
$\Gamma_{0}(t;\sigma, T)$ . , $\sigma\in\{\sigma+, \sigma++, \sigma+-,\sigma+++’\sigma++-, \sigma_{-+-}\}$ , 1
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D $B$ .
Step 2: $\epsilon>0$, $\kappa=0$ .
Stepl D $B$ , , $\epsilon>0$ .
, (29), (30) . (29), (30) , $F(u, \epsilon)$
. $F:\mathbb{R}^{N-1}\cross \mathbb{R}arrow \mathbb{R}^{N-1}$ , $C^{\omega}$ . $F(u_{\sigma},0)=0$, , $\det(\partial F(u_{\sigma}$ ,0$)$ / $($%$)\neq$ 0
, , $\epsilon_{c}>0$ $C^{\omega}$ $(\epsilon;\sigma),$ $n=1,$ $\ldots,$ $N-1$ , $\epsilon\in(-\epsilon_{c},\epsilon_{c})$
$(u_{1}(\epsilon;\sigma), \ldots , u_{N-1}(\epsilon;\sigma))$ (29), (30) , , $(u_{1}(0;\sigma), \ldots,u_{N-1}(0;\sigma))=u_{\sigma}$
. , $u_{\sigma}$ . $u_{n}(\epsilon;\sigma)$ (27)
, D $B$ $\Gamma_{e}(t;\sigma, T)$ .
$q_{n}(t)=u_{n}(\epsilon;\sigma)\varphi(t),$ $p_{n}(t)=u_{n}(\epsilon;\sigma)\dot{\varphi}(t)$ , $n=1,2,$ $\ldots,N-1$ . (33)
, D $B$ $\Gamma_{\epsilon}(t;\sigma, T)$ , $\mathcal{M}$ . , $\epsilon\in$
$(0,\epsilon_{c})$ , $\epsilon_{c}$ . $N-1$ 2 ,
(27) , $N-1$ 1 2
. 1 2 ,
[16]. , $\mathcal{M}$
. $\mathcal{M}$ , $\rho,$ $\rho^{-1}$
. $N-1$ , $n_{u}$ . $n_{u}$
$\sigma$ . $\sigma\in\{\sigma+,\sigma+-,\sigma_{-+-}\}$ $n_{u}=0,$ $\sigma\in\{\sigma++,\sigma+++,\sigma++-\}$ $n_{u}\geq 1$
. $n_{u}\geq 1$ , . , $+1$ 2
, , $+1$ $\rho\neq-1$ . $|\rho|=1$ , ,
$\rho\neq\pm 1$ , Krein [17] .
Step 3: $\epsilon>0$, $\kappa\neq 0$ .
$\epsilon\in(0,\epsilon_{c})$ . $\Gamma_{\epsilon}(t;\sigma,T)$ $+$ 1 2 ,
( , [18] ) , $\delta_{r}>0,$ $r=2,$ $\ldots,$ $k-1$ $\kappa\in\{\kappa\in \mathbb{R}^{k-2};|\kappa_{r}|<\delta_{r}, r=2, \ldots, k-1\}$
$\Gamma_{\epsilon}(t;\sigma, T)$ . , $\Gamma_{e,\kappa}(t;\sigma, T)$ . $\kappa$
, $\kappa=0$ $n_{u}\geq 1$ , $\kappa$ $\kappa=0$ $n_{u}\geq 1$ . $-$
Ji, $\kappa=0$ $n_{u}=0$ . $\rho=\rho^{-1}=+1$ , $\kappa$ .
, $\kappa$ . $+1$
, $\kappa=0$ Krein , $\kappa$ $\kappa=0$ Krein
collision [17]. , $\kappa$ $n_{u}=0$
. , $\delta_{r}>0$ , $\Gamma_{\epsilon,\kappa}(t;\sigma, T)$ $\Gamma_{e}(t;\sigma,T)$
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